We found that preparations of Pseudomonas aeruginosa flagellar antigens protected against P. aeruginosa challenge in a burned-mouse model. To determine the extent of similarity among known flagellar antigen types, we compared flagellins by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. A majority of our laboratory strains and clinical isolates, including PAO strains and their derivative mutants RM46 and PJ108, as well as virulent strains M-2 and 1244, had flagellins of 53,000 Mr. These flagellins had the same Mrs as those of type b-standard strains 170001 and 15084. The heterogenous group of a-type H-antigen flagellins were of smaller molecular weights, ranging from 52,000 Mr for standard strain 5939 (ao, a3) to 45,000 Mr for standard strain 170018 (ao, a3, a4). Standard strains 5933 (ao, a,, a2) and 5940 (ao, a2) had intermediate Mrs of 51,000 and 47,000, respectively. Differences in Mr of 1,000 to 2,000 could be resolved by coelectrophoresis. A series of 26 unknown strains were categorized. Correlations among typing by molecular weight, cross-agglutination reactions with 0-adsorbed H antisera, and previous results for H-serum typing are reported.
The efficacy of flagellar antigens (FAgs) in protecting mice against infection with Pseudomonas aeruginosa in a burnedmouse model has been reported (9) . An important aspect of this research is to understand and determine the extent of similarity among existing P. aeruginosa FAg types. An initial report identified flagellin as a 53,000-Mr species. This determination was in general agreement with a report by Ansorg and Schmitt (2) , who identified a 50,000-Mr species for all H types.
Lanyi (12) was the first to categorize P. aeruginosa FAg types into two major groups by using slide and tube agglutination assays. A homologous group (type 1) and a heterologous group (type 2) were used to classify 541 clinical isolates. Type 2 contained a subantigen, a, common to all members, with additional subantigens b to f as possible additions. Ansorg (1) confirmed and more precisely and greatly extended Lanyi's classification by using an indirect immunofluorescence technique. Ansorg (1) assigned the letter b for the homologous group and the letter a for the heterologous group, following the initial Lanyi approach. Ansorg assigned numbers instead of letters to the subgroups. According to Ansorg, the FAgs can be divided into two major groups, b types and a types, the latter comprised of a series of subtypes. All the a types have an ao and usually one or more additional subtypes, a1, a2, a3, and a4. The common subantigen system is indicative of some cross-reactive capacity as well as some heterogeneity among strains containing the different subtypes (1, 3) . We used the Ansorg classification as the basis for this study.
By coincidence we had initially tested only b-type flagellins when determining the molecular weight of flagellin.
However, when we extended these studies it was apparent that the a-type flagellins were smaller than the b-type flagellins (T. C. Montie pellet was suspended in potassium phosphate buffer (0.01 M, pH 7.0) and blended at a low-speed setting in a commercial blender (Waring Industrial Blendor) for 30 s to shear the flagella. The 30-s time was experimentally established to achieve maximum flagella release and minimal amounts of contaminating protein or lipopolysaccharide in the final FAg fraction. This suspension was centrifuged for 15 min at 16 ,000 x g at 4°C. The preparations were further purified and stored as previously described (9, 13) .
Analytical methods. Protein determinations of the lyophilized preparations were made by the Coomassie blue technique of Bradford (5) with crystalline bovine serum albumin as a standard and Bio-Rad reagent (Bio-Rad Laboratories, Richmond, Calif.). The detection of 2-keto-3-deoxyoctulosonic acid was carried out by the method of Karkhanis et al. (10) . Molecular weights were determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis with a Bio-Rad slab gel apparatus (Bio-Rad Laboratories) by a modification of the procedure of Laemmli (11) . Use of the large 28-cm gel holder facilitated distinguishing among bands of similar mobilities. The FAg preparation was boiled for 1 min in 2% sodium dodecyl sulfate sample buffer before 1 ,ug of the preparation was applied to the gel. The stacking gel contained 5% acrylamide, and the separation gel contained 10% acrylamide. Protein was detected by staining with Coomassie blue by the method of Fairbanks et al. (8) .
Agglutination reactions. Antisera were raised in female New Zealand rabbits by subcutaneous injection of 250 ,ug of FAg in 0.85% saline mixed 1:1 with Freund complete adjuvant. Another injection was given after 7 days. Rabbits were bled from the marginal ear vein 10 days after the second injection. Somatic (0) antibodies were adsorbed from the sera with overnight 37°C cultures which were concentrated and heat treated (100°C, 1 h). A concentrated culture sample (400 ml) was added to 15 to 20 ml of antiserum for 1 h at 37°C and then centrifuged at 6,000 rpm in a Sorvall GLC-1 centrifuge (Ivan Sorvall, Inc., Norwalk, Conn.) for 25 min to remove cells. The adsorption was repeated before 0-antibody titers were determined. The slide agglutination reaction was carried out as previously described (6, 14) except that 45 ,ud of diluted antiserum was added to the cell suspension.
RESULTS
Initially, three strains were used for the comparison of FAgs. These were 170001 (b), 5933 (a0, a,, a2), and 170018 (ao, a3, a4), which are representative of the wide degree of heterogenicity possible in the various H-antigen types and subtypes (1, 3) (Table 1) . These strains, along with strains 5940 and 5939, were most carefully and extensively documented by Ansorg (1, 3) . The FAgs were isolated and compared with that of clinical isolate M-2 by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (Fig. 1) . It was apparent that the flagellins of different antigenic types migrated differently. The flagellins of a-type strains 5933 and 170018 migrated faster than those of the unknown M-2 ( Fig.  1) (Fig. 1) . To confirm this, we mixed the two FAg preparations and subjected them to electrophoretic analysis. Only a single band was observed, indicating identity (data not shown). According to the same method, strain 19660, used in an infectious mouse eye model (4), had an FAg mobility comparable to that of strain 5939. We therefore assigned strain 1210 to the ao, a,, a2 antigen type and strain 19660 to the ao, a3 antigen type ( Table 1) .
The applicability of the coelectrophoresis technique was evident in a number of additional determinations (Fig. 3 and Table 1 ). A presumed b-type isolate (strain 7191) obtained from R. Ansorg was demonstrated to be an a type by M, criteria (Fig. 3) . Strain 7191 FAg was resolved from standard strain 15084 and M-2 FAgs (M-2 is a mouse-virulent b-type isolate comparable to strain 170001). We assigned an Mr for strain 7191 of 51,000 (Table 1) , based on its separation from standard strain 5939 (ao, a3) (Mr, 52,000) and its coelectrophoresis with strain 5933. In the strain 5939 category is cystic fibrosis sputum isolate CF-LL. Another unknown isolate, GNB-1, was separated from standard strain 5940 (a0, a2) (Mr, 47,000). Strain GNB-1 flagellin had an Mr of 49,000, comparable to that of standard strain 170002 Fig. 1 legend) ; E, strain 7191; F, strains M-2 (upper band) and 7191 (lower band); G, strain M-2; H, standard proteins (see Fig. 1 legend) ; and I, strain SBI-I.
flagellin. Unknowns of ca. 48,000 Mr are strain WR-5, foliculitis strains 3592, 3598, and 3614, and cystic fibrosis sputum strains 86F and 572b (Table 1) . These have not as yet been matched with any specific a type.
The data in Table 1 summarize all of our findings to date. A series of three human burn isolates (SBI strains) had flagellins of 53,000 Mr ( Fig. 1 and 3 The standard strains used in this study were extensively compared by an indirect fluorescence assay (1, 2) and more recently by a slide coagglutination technique (3). Results from direct slide agglutination are reported here both for further confirmation and for examining the immunological and molecular weight relationships of unknown strains. Anti-M-2, -5933, and -170018 sera were adsorbed with heated cells to remove 0-antibody titers. The results (Table  2) Table 1 ). Further verification of the presence of common a subtypes in unknowns will require testing of a number of different sera at higher sensitivity levels.
DISCUSSION
An Mr of 53,000 was previously assigned for the flagellin of P. aeruginosa FAg (13) . It is now apparent not only that there is variety in the molecular weights of flagellins, but also that the molecular weights are specifically associated with the H-antigen type of the strain. All of the b-type flagellins tested had an Mr of 53,000. The strains used in initial protection studies were, by coincidence, mainly b-type strains (9, 13) . In fact, the largest percentage of isolates we maintain are of the b type. Of interest for possible vaccine application are the results of surveys showing that a significant proportion (>59%) of clinical isolates have b-type flagella (1, 12) . All of the a-type antigens, except for the a0 type, had flagellins of lower Mrs (45,000 to 52,000) ( Table 1 and Fig. 1 ) than did the b-type antigens. This characteristic difference in weight may reflect a peptide region or sequence that differentiates the two major groupings. Recently, amino acid analyses of all of the major H groups with highly purified FAgs showed a close correspondence between molecular weights determined by electrophoresis and those computed from total amino acid composition. Almost all of our molecular weight results correlate completely with the original H serotyping results reported by Lanyi (12) and Ansorg (1, 3) . However, a few discrepancies remain. First, the ao-type strains (1) have both an Mr of 53,000 and immunological typing common to the b-type antigen. Therefore, these typings are probably in error (R. Ansorg, personal communication). Second, strain 7191 has been assigned to the b type, but we have determined that the flagellin has an Mr of 51,000, putting it in the a-type classification, similar to strain 5933. Recent agglutination experiments support the classification of strains 7191 and 1210 as ao, a,, a2 types.
In almost all FAg preparations the amount of protein impurities was <1%, as estimated in the gel profiles of the total protein. An exception was the appearance of one or two low-molecular-weight proteins (15,000 to 20,000) appearing as prominent bands in gel profiles of FAgs of the a0, a,, a2 type, such as those of strain 5933. These small polypeptides appear to be dissociated flagella (possibly protease-nicked flagella) or, less likely, pilus material (Mr, 15 ,000 to 18,000) (16). With strain 5933 or 1210 FAgs we observed increased amounts of some of these bands and decreased amounts of native flagellin that correlated with the length of time in storage. A reduction in the apparent degradation was accomplished by a shift from storage after lyophilization in phosphate buffer to storage in Tris-chloride buffer.
The results obtained are of interest taxonomically because it has been reported that the flagellin of Pseudomonas stutzeri, which is grouped with P. aeruginosa (7) , has an Mr (55,000) similar to that of b-type P. aeruginosa (53,000) (14) . The flagellins of more distant relatives, Pseudomonas maltophilia and Pseudomonas cepacia, have much lower Mrs, 31,000 to 45,000, generally below those of all P. aeruginosa flagellins (14) .
